TITLE OF THE INVENTION 

ATTENUATOR WITH SWITCH FUNCTION AND MOBILE TELEPHONE 
TERMINAL DEVICE USING THE SAME 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present: invention relates to a dual -band (mode) 
mobile telephone terminal device, and more particularly , to the 
structures of an attenuator and a switch of a high frequency 
part disposed inside a radio part of such a mobile telephone 
terminal device . 

2. DESCRIPTION OF THE RELATED ART 

A digital method (such as PDC) requires that the intensity 
of an electric wave received by a base station from a mobile 
telephone terminal device remains constant regardless of a 
change of a distance between the mobile telephone terminal 
device and the base station. Hence, a sender part of the mobile 
telephone terminal device performs gain control . 

Fig. 9 schematically shows a positional relationship 
between a base station and a mobile telephone terminal device. 
In Fig. 9, one base station BS has a cell range CL which is at 
a radius of dozens of kilometers, e.g., about 30 km. Within 
the cell range CL of this base station BS , there are more than 
one mobile telephone terminal devices THi and TH 2 which are not j 
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at the same distance from the base station BS or which are not 
under the same telecommunications conditions such as geography. 
These more than one mobile telephone terminal devices THi and 
TH 2 , while constantly changing their distances from the base 
station BS or the telecommunications conditions, 
simultaneously communicate with the base station BS . 

In such a situation, considering the size of the cell range 
CL, the gain control width in the sender part of the mobile 
telephone terminal device must be about 50 dB or more so that 
the intensity of an electric wave received by the base station 
from the mobile telephone terminal device will be the same 
between the closest place to the base station BS and the farthest 
place from the base station BS within the cell range CL of the 
base station BS . This is known as the near-far problem. 

If the sender part of the mobile telephone terminal device 
fails to achieve excellent gain control, the intensity of an 
electric wave reaching the base station will mount as the 
distance between the mobile telephone terminal device and the 
base station decreases . This will increase leakage power to 
a neighboring channel . As a result, the digital error rate will 
grow and the speech quality will deteriorate. 

Fig. 10 shows the intensities of receive signals on the 
respective channels within the base station and an 
inter-modulation distortion characteristic. In Fig. 10, the 
solid lines A 1 through A 6 denote the intensities of electric 
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waves received by the base station on the respective channels 
and the broken line B 4 denotes the inter-modulation distortion 
characteristic on the channel A 4 . From Fig. 10, it is seen that 
the intensities of electric waves received on the channels A 3 
and A 5 are dominated by a distortion component on the channel 
A 4 which is denoted at the broken line B 4 and correct data 
therefore cannot be restored from the channels A 3 and A 5 which 
are adjacent to the channel A 4 . 

The sender part of the mobile telephone terminal device 
preferably performs gain control at its high frequency part, 
at which the level of a carrier signal is high, as much as 
possible in order to maintain a state that a ratio (C/N) of the 
carrier signal level to the noise level is high . This is because 
the level of the carrier signal is far higher than the level 
of a background noise at the high frequency part, and therefore, 
even when the gain is lowered at the high frequency part, the 
state that the carrier signal is far different from the noise 
level is maintained. 

On the contrary, since the level of the carrier signal 
is low at an intermediate frequency part, when the gain is 
lowered at the intermediate frequency part, the difference 
between the level of the carrier signal and the level of a 
background noise becomes marginal and thus shrank difference 
between the carrier signal level and the background noise level 
will hence be directly passed on to the high frequency part. 
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For the purpose of gain control over the range of 50 dB 
or higher, within the sender part of the radio part of the mobile 
telephone terminal device, the high frequency part controls the 
gain stepwise and the intermediate frequency part controls the 
gain continuously. The use of both the gain control at the high 
frequency part and the gain control at the intermediate 
frequency part realizes gain control over the range of 50 dB 
or higher . 

Gain control in a mobile telephone terminal device is 
performed in the following manner. That is, based on the 
intensity of a receive signal received by the mobile telephone 
terminal device, the mobile telephone terminal device sets a 
target value for sending power which is needed to maintain the 
intensity of the receive signal at the base station constant. 
The target value is compared with the actual sending power, a 
feedback control loop which makes the sending power follow the 
target value is built, and gain control is executed so that the 
sending power will be the same as the target value . 

Fig. 11 shows a base station BS (A) using a band A (mode 
A) and its cell range CL (A) and a base station BS (B) using a 
band B (mode B) and its cell range CL(B) . Also illustrated in 
Fig. 11 are mobile telephone terminal devices THo , THi , TH 2 , TH 3 
and TH 4 which are under different telecommunications conditions , 
that is, which are at different distances from the mobile 
telephone terminal device TH X . 



- 4 - 



A dual -band (mode) mobile telephone -terminal device, as 
shown in Fig. 11, switches between the bands (modes) when moving 
out from the cell range CL(A) of the base station BS (A) to the 
cell range CL(B) of the base station BS (B) . The bands A and 
B indicate that the terminal device uses different frequency 
bands , while the modes A and B indicate that the terminal device 
uses different systems. 

While gain control used to ensure that the intensities 
of electric waves received by the base station BS (A) from the 
mobile telephone terminal devices TH 0 , TH X and TH 2 would be the 
same within the cell CL (A) , instantly upon entry into the cell 
CL(B) , the mobile telephone terminal devices TH 0 , TH 3 and TH 4 
switch the band (mode) and gain control then ensures that the 
intensities of electric waves reaching the base station BS (B) 
would be the same . 

The structure and operations of a conventional mobile 
telephone terminal device will now be described with reference 
to Fig. 12. This mobile telephone terminal device, as shown 
in Fig. 12 , is comprised of a baseband part 100 which is formed 
by a microcomputer logic part or the like and processes a speech 
signal and a radio part 200 which receives the speech signal 
processed by the baseband part 100 and communicates with a base 
station . 

The radio part 200 comprises a sender part 210 which 
generates a send signal to the base station and a receiver part 
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220 which receives the send signal from the base station. 

The sender part 210 comprises an intermediate frequency 
part 230, a band-A high frequency part 240 and a band-B high 
frequency part 250. The intermediate frequency part 230 
modulates a speech signal fed from the baseband part 100 , 
adjusts the gain of an intermediate frequency signal and 
performs mixing for frequency conversion. The high frequency 
parts 240 and 250 each amplify high frequency signals outputted 
from the intermediate frequency part 230 and supply to an 
antenna 300 via a switch 310. 

The intermediate frequency part 230 is comprised of a 
modulator 231 which modulates an intermediate frequency signal 
in accordance with the speech signal fed from the baseband part 
100, a variable gain intermediate frequency amplifier 232 which 
amplifies, using a variable gain, the intermediate frequency 
signal which is an output signal from the modulator 231, and 
a mixer 233 which is for converting an output signal from the 
variable gain intermediate frequency amplifier 232 into a high 
frequency . 

The variable gain intermediate frequency amplifier 232 
described above is formed by a bipolar transistor in many 
instances . The variable gain intermediate frequency amplifier 
232 is capable of varying the gain over the range of about 30 
dB at the linearity of ±1 dB. In this case, the gain is 
continuously controlled over the range of about 30 dB, by means 
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of a gain control voltage which changes continuously. 

The high frequency part 240 is comprised of a variable 
gain high frequency amplifier 241 which amplifies, using a 
variable gain, the band-A high frequency signal outputted from 
the intermediate frequency part 230 , a power amplifier 242 which 
power-amplifies an output from the variable gain high frequency 
amplifier 241 and a switch 245 which is for selecting the band 
A. The variable gain high frequency amplifier 241 described 
above is capable of varying the gain over the range of about 
20 dB at the linearity of ±1 dB . In this case, the gain is 
continuously controlled over the range of about 20 dB, by means 
of a gain control voltage which changes continuously. 

The variable gain high frequency amplifier 241 is 
comprised of a preamplifier (intermediate power amplifier) 243 
and an attenuator 244 which is cascaded with the preamplifier 
243 and varies the gain of the band-A high frequency signal which 
is supplied to the power amplifier (high power amplifier) 242 . 
The attenuator 244 is equipped with a function of changing the 
attenuation over the range of about 20 dB at the linearity of 
±1 dB. 

The high frequency part 250 is comprised of a variable 
gain high frequency amplifier 251 which amplifies, using a 
variable gain, the band-B high frequency signal outputted from 
the intermediate frequency part 230 , a power amplifier 252 which 
power-amplifies an output from the variable gain high frequency 
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amplifier 251 and a switch 255 which is for selecting the band 
B. The variable gain high frequency amplifier 251 described 
above is capable of varying the gain over the range of about 
20 dB at the linearity of ±1 dB . In this case, the gain is 
continuously controlled over the range of about 20 dB, by means 
of a gain control voltage which changes continuously. 

The variable gain high frequency amplifier 251 is 
comprised of a preamplifier (intermediate power amplifier) 253 
and an attenuator 254 which is cascaded with the preamplifier 
253 and varies the gain of the band-B high frequency signal which 
is supplied to the power amplifier (high power amplifier) 252. 
The attenuator 254 is equipped with a function of changing the 
attenuation over the range of about 20 dB at the linearity of 
±1 dB. 

The baseband part 100 includes a control part 110. The 
control part 110 judges the band for the high frequency signal 
to be sent based on the receive signal received at the receiver 
part 220 and adds a switch voltage V SW (A) to the switch 245 while 
adding a switch voltage V SW (B) to the switch 255, thereby 
selecting the band for the high frequency signal to be sent. 

During a telecommunication in the frequency band of the 
band A, the control part 110 detects the signal intensity of 
the receive signal received at the receiver part 220, detects 
the output level of the power amplifier 242, and sets a target 
value for the output level of the power amplifier 242 in 
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accordance with the signal intensity of the receive signal . The 
output level of the power amplifier 242 is compared with the 
target value for the output level of the power amplifier 242, 
a gain control voltage V c (A) corresponding to the comparison 
result is added to the attenuator 244 , and a gain control voltage 
V C (C) corresponding to the comparison result is similarly added 
to the variable gain intermediate frequency amplifier 232 . In 
this manner, the gain at the attenuator 244 and the gain at the 
variable gain intermediate frequency amplifier 232 are 
follow-up controlled so that the output level of the power 
amplifier 242 will coincide with the target value for the output 
level of the power amplifier 242 . 

Meanwhile, during a telecommunication in the frequency 
band of the band B, the control part 110 detects the signal 
intensity of the receive signal reaching the receiver part 220, 
detects the output level of the power amplifier 252 , and sets 
a target value for the output level of the power amplifier 252 
in accordance with the signal intensity of the receive signal . 
The output level of the power amplifier 252 is compared with 
the target value for the output level of the power amplifier 
252, a gain control voltage V c (B) corresponding to the 
comparison result is added to the attenuator 254, and a gain 
control voltage V C (C) corresponding to the comparison result 
is similarly added to the variable gain intermediate frequency 
amplifier 232. In this manner, the gain at the attenuator 254 
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and the gain at the variable gain intermediate frequency 
amplifier 232 are follow-up controlled so that the output level 
of the power amplifier 252 will coincide with the target value 
for the output level of the power amplifier 252 . 

Utilizing both gain control at the variable gain high 
frequency amplifier 241 or the variable gain high frequency 
amplifier 251 and gain control at the variable gain intermediate 
frequency amplifier 232, the mobile telephone terminal device 
described above realizes gain control over the range of 50 dB 
or higher . 

In accordance with the PDC standard, an input stage of 
the mixer 233 operates in the 200 MHz band while an output stage 
of the mixer 233 operates in the 940 or 1441 MHz band. As for 
the signal levels at the respective parts in such a state that 
the mobile telephone terminal device yields the maximum output, 
the signal level at an output terminal of the power amplifier 
242 or the power amplifier 252 is +30 dBm (where 0 dBm = 1 mW) , 
the signal level at an output terminal of the variable gain high 
frequency amplifier 241 or the variable gain high frequency 
amplifier 251 is +8 dBm, the signal level at an output terminal 
of the switch 245 or the switch 255 is -16 dBm, the signal level 
at an output terminal of the mixer 233 is -15 dBm, and the signal 
level at an output terminal of the variable gain intermediate 
frequency amplifier 232 is -20 dBm. 

When the variable gain high frequency amplifier 241 
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controls the gain over the range of 20 dB and the variable gain 
intermediate frequency amplifier 232 controls the gain over the 
range of 30 dB, the signal level at the output terminal of the 
variable gain intermediate frequency amplifier 232 changes in 
the range of -20 dBm through -50 dBm. Meanwhile, the signal 
level at the output terminal of the mixer 233 changes in the 
range of -15 dBm through -45 dBm. The signal level at the output 
terminal of the switch 245 or the switch 255 changes in the range 
of -16 dBm through -46 dBm. The signal level at the output 
terminal of the variable gain high frequency amplifier 241 or 
the variable gain high frequency amplifier 251 changes in the 
range of +8 dBm through -42 dBm. The signal level at the output 
terminal of the power amplifier 242 or the power amplifier 252 
changes in the range of +30 dBm through -20 dBm. 

The specific structures of the attenuator 244 (254) and 
the switch 245 (255) and their operations at the time of 
switching of the band will now be described with reference to 
Figs . 13 through 15 . 

Fig. 13 is a circuit diagram which shows the structure 
of the attenuator 244 (254) . Such an attenuator 244 (254) 
controls the gain. The attenuator 244 (254) is comprised of 
a resistor 2 (12) and a field effective transistor 1 (11) which 
serves as a series variable resistor, as shown in Fig. 13. 

Disposed to the attenuator 244 (254) are a gain control 
voltage applying terminal 5 (15) which is for applying a gain 



- 11 - 



control voltage V c , a source voltage applying terminal 6 (16) 
for applying a power source voltage V DD , an input terminal 3 
(13) which serves as a signal input part IN for the high frequency 
signal, and an output terminal 4 (14) which serves as a signal 
output part OUT for the high frequency signal . 

The input terminal 3 described above is connected with 
the output terminal of the switch 245, while the output terminal 
4 is connected with an input terminal of the preamplifier 243. 
The resistor 2 plays a role of blocking leakage of the high 
frequency signal. Meanwhile, the input terminal 13 is 
connected with the output terminal of the switch 255 which is 
shown in Fig. 12, and the output terminal 14 is connected with 
an input terminal of the preamplifier 253. The resistor 12 
plays a role of blocking leakage of the high frequency signal . 

Fig. 14 is a circuit diagram which shows the structure 
of the switch 245 (255) . Such a switch 245 (255) switches the 
band. The switch 245 (255) is formed by a resistor 22 (32) and , 
a field effective transistor 21 (31) which serves as a series 
variable resistor, as shown in Fig. 14. 

Disposed to the switch 245 (255) are a switch voltage 
applying terminal 26 (36) which is for applying a switch voltage 
V SW (A) (V SW (B)) , a gate voltage applying terminal 25 (35) which 
is for applying a ground voltage, namely, a reference voltage 
GND, an input terminal 23 (33) which serves as a signal input 
part IN for the high frequency signal, and an output terminal 
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24 (34) which serves as a signal output part OUT for the high 
frequency signal . 

The input terminal 23 described above is connected with 
the output terminal of the mixer 233 which is shown in Fig. 12, 
while the output terminal 14 is connected with an input terminal 
of the attenuator 244 . The resistor 22 plays a role of blocking 
leakage of the high frequency signal. Meanwhile, the input 
terminal 33 is connected with the output terminal of the mixer 
233 which is shown in Fig. 12, and the output terminal 34 is 
connected with an input terminal of the attenuator 254. The 
resistor 32 plays a role of blocking leakage of the high 
frequency signal . 

Fig. 15 is a drawing which shows voltage control 
characteristics of the attenuator 244, the attenuator 254, the 
switch 245 and the switch 255 relative to a position to which 
the mobile telephone terminal device has moved. In Fig. 15, 
the gain control voltages V c (A) and V c (B) and the switch voltages 
V SW (A) and V SW (B) are shown. 

Operations of the attenuators 244 and 254 and the switches 
245 and 255 having such structures described above will now be 
described. The mobile telephone terminal device is driven at 
a voltage of up to about 3.0V by a lithium battery or the like . 
The threshold voltages of the field effective transistors 
respectively represent a bias at which the variable resistors 
initiate the gain control operation and a bias at which the 
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switches initiate the switching operation. The ground voltage 
(reference voltage) is applied to the gate voltage applying 
terminal 25 (35) of the field effective transistor 21 (31) . 

In the cell CL (A) which uses the band A, L (0 V) is applied 
to the switch voltage applying terminal 26 of the switch 245 
to thereby select the band A, while H (3.0 V) is applied to the 
switch voltage applying terminal 36 of the switch 255 as the 
bandB is not selected. Since the distance from the base station 
BS (A) is the shortest within the cell CL (A) when the mobile 
telephone terminal device is located at the spot denoted at TH l7 
the minimum value (0.5 V) is applied as the gain control voltage 
V c (A) to the gain control voltage applying terminal 5 so that 
the attenuation at the attenuator 244 will become maximum. 

In this case, when the mobile telephone terminal device 
moves from the spot denoted at THi to the spot denoted at TH 0 , 
the gain control voltage V c (A) applied to the gain control 
voltage applying terminal 5 sequentially changes from the 
minimum value (0.5 V) to the maximum value (2.5 V) to thereby 
ensure that the attenuation at the attenuator 244 will change 
from the maximum to the minimum. 

Simultaneously with the arrival of the mobile telephone 
terminal device at the spot denoted at TH 0 , within the cell CL (B) 
which uses the band B, L (0 V) is applied to the switch voltage 
applying terminal 36 of the switch 255 to thereby select the 
band B and H (3.0 V) is applied to the switch voltage applying 



- 14 - 



terminal 26 of the switch 2 45 as the band A is not selected. 
In this situation, since a distance between the mobile telephone 
terminal device (TH 0 ) and the base station BS (B) within the cell 
CL(B) is the longest, the maximum value (2.5 V) is applied as 
the gain control voltage V c (B) to the gain control voltage 
applying terminal 15 so that the attenuation at the attenuator 

254 will become minimum. 

Further, when the mobile telephone terminal device moves 
from the spot denoted at TH 0 to the spot denoted at TH 4 , the 
gain control voltage V c (B) applied to the gain control voltage 
applying terminal 15 sequentially changes from the maximum 
value (2.5 V) to the minimum value (0.5 V) to thereby ensure 
that the attenuation at the attenuator 254 will change from the 
minimum to the maximum. 

Meanwhile, in the variable gain intermediate frequency 
amplifier 232, the gain control voltage V C (C) is changed 
independently of selection of either the band A or B, whereby 
the output level changes continuously. 

Fig. 16 is a timing chart which shows the timing at which 
the attenuators shown in Fig. 13 and the switches shown in Fig. 
14 operate in response to the switching of the band in accordance 
with moving between the cells. Shown in Fig. 16 are changes 
of the level Pout (SW(B)) of the output signal from the switch 

255 and the level P OU t (ATT (B) ) of the output signal from the 
attenuator 254. 
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Problems with the conventional technique will now be 
described with reference to Fig. 16. When switching from the 
band A to the band B is attained by means of a combination of 
the switches 245 and 255 and the attenuators 244 and 254, it 
takes scores of microseconds until the switch 255 has stably 
turned on since application of the switch voltage for instance 
as shown in Fig. 16 at the time of the switching of the band, 
and therefore, the gain control voltage V c (B) is applied to the 
gain control voltage applying terminal 15 of the attenuator 254 
with a delay which is equivalent to this transient response time 
of the switch 255. Hence, differences of the characteristics 
of the attenuator 254, the variable gain intermediate frequency 
amplifier 232 and the like could give rise to a variation in 
desired gain of the mobile telephone terminal device 
immediately after the switching of the band. 

Fig. 17 is a drawing for describing the problem above with 
the conventional technique. Fig. 17 shows changes of the level 
Pout of the output signal from the antenna in a situation that 
the mobile telephone terminal device is communicating under an 
ideal condition while moving away from the base station at a 
constant speed. 

In relation to the situation described with reference to 
Fig. 16, such a situation will now be considered that the mobile 
telephone terminal device is communicating under an ideal 
condition while moving away from the base station at a constant 
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speed . 

Within the cell CL(B) , owing to the gain control function, 
the level Pqut of the output signal from the mobile telephone 
terminal device is normally supposed to decrease linearly. 
However, in the situation as described above, as shown in Fig. 
17, the delayed follow-up operation attributed to a delay of 
feedback control and the discontinuity of the output level 
occurring at the time of the switching of the band temporarily 
pushes out the level P OU t of the output signal of the mobile 
telephone terminal device off from the linear line at the time 
of the switching of the band. As this happens, the intensity 
of the receive signal at the base station deviates from the 
specified value, a difference develops between the levels of 
the receive signals on the adjacent channels, and the speech 
therefore gets disturbed or the speech quality deteriorates. 

Although the foregoing has described this problem in 
relation to an example that the mobile telephone terminal device 
is moving under an ideal condition, actual conditions of moving 
are much worse, including such a situation that the intensity 
of the receive signal abruptly drops low as the mobile telephone 
terminal device gets behind a building. The problem that the 
intensity of the receive signal at the base station deviates 
from the specified value is thus believed to be rampant, adding 
to the difficulty of the deteriorated speech quality. 

In addition, the control part 110 of the baseband part 
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100 needs be set up with the three types of the gain control 
voltages V c (A) , V c (B) and V c (C) to control the variable gain high 
frequency amplifier 241, the variable gain high frequency 
amplifier 251 and the variable gain intermediate frequency 
amplifier 232, and further, with the two types of the switch 
voltages V SW (A) and V SW (B) , which demands complicated control 
for the control part 110. 

Further, since the high frequency part 240 and the high 
frequency part 250 respectively require the switch 2 45 and the 
switch 255, the circuitry structure is complex and a large space 
is necessary. This leads to another problem that the mobile 
telephone terminal device as a whole becomes large . 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
attenuator with switch function which has a simple structure 
and yet realizes signal switch control and signal gain control . 

Other object of the present invention is to provide a 
mobile telephone terminal device which is capable of realizing 
a high-quality call . 

Still other object of the present invention is to provide 
a mobile telephone terminal device which simplifies a structure 
for band switch control and gain control. 

Another object of the present invention is to provide a 
mobile telephone terminal device which realizes a space-saving 
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compact size. 

A first attenuator with switch function according to the 
present invention comprises : a first variable resistor inserted 
in a first signal line which connects a first signal input part 
with a first signal output part; and a second variable resistor 
inserted in a second signal line which is disposed parallel to 
the first signal line and connects a second signal input part 
with a second signal output part, wherein as the attenuation 
of each one of the first and the second variable resistors is 
controlled by means of a gain control voltage, either one of 
outputs on the first and the second signal lines is blocked and 
the gain of the remaining output on the first and the second 
signal lines is controlled linearly and continuously. The 
first and the second variable resistors described above are 
formed by at least one or more field effective transistors which 
are connected in series, for instance. 

This structure uses a series variable resistor which is 
inserted in the first signal line and formed by at least one 
or more field effective transistors for instance and a series 
variable resistor which is inserted in the second signal line 
and formed by at least one or more field effective transistors 
for instance, and the selected signal line is switched by 
controlling the attenuation of each variable resistor, and in 
substance, the variable resistor on the selected signal line 
linearly controls the gain of the signal on the signal line. 
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Hence, with a simple structure, it is possible to select a signal 
line and control the signal gain on the selected signal line. 

A second attenuator with switch function according to the 
present invention comprises : a first variable resistor inserted 
in a first signal line which connects a first signal input part 
with a first signal output part; a second variable resistor 
inserted in a second signal line which is disposed parallel to 
the first signal line and connects a second signal input part 
with a second signal output part; a first and a second reference 
voltage applying parts which are connected respectively with 
the first and the second variable resistors; and a gain control 
voltage applying part which is connected with each one of the 
first and the second variable resistors via a common gain 
control line. The first and the second variable resistors 
described above are formed by at least one or more field 
effective transistors which are connected in series, for 
instance . 

This structure uses a series variable resistor which is 
inserted in the first signal line and formed by at least one 
or more series-connected field effective transistors for 
instance and a series variable resistor which is inserted in 
the second signal line and formed by at least one or more 
series-connected field effective transistors for instance, and 
operations of the at least two or more series variable resistors 
disposed parallel are shifted by an amount which is equivalent 
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to at least the gain control (switch) operation range or more, 
and the operation ranges of the respective series variable 
resistors are set so as to correspond to the mutually different 
gain control voltage ranges. In addition, the gain control 
voltage range of the series variable resistor connected to the 
first signal line is substantially continuous with the gain 
control voltage range of the series variable resistor connected 
to the second signal line, whereby the signal line is switched 
and the gain is controlled using only one type of gain control 
voltage . Hence , a variation of the gain at the time of switching 
of the selected signal line is eliminated and it is possible 
to perform the gain control operation in response to the 
switching of the signal line at an extremely high accuracy. 

A structure for shifting the operations of the at least 
two or more series variable resistors disposed parallel by an 
amount which is equivalent to at least the gain control 
operation range or more may be a structure in which reference 
voltages are applied respective to the source of the field 
effective transistor which serves as one of the series variable 
resistors and the gate of the field effective transistor which 
serves as the other one of the series variable resistors, for 
example. Since the gain is controlled and switching is 
controlled using only one type of gain control voltage in such 
a structure, it is possible to control the gain at an extremely 
high accuracy. Further, it is possible to freely change the 
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setting of the gain control operation voltage. 

For instance, the second attenuator with switch function 
according to the present invention described above has a 
structure that the first variable resistor has a structure that 
a first resistor is connected at least with the gate of a first 
field effective transistor the second variable resistor has a 
structure that a second resistor is connected at least with the 
gate of a second field effective transistor, the gate of the 
first field effective transistor is connected with the gain 
control voltage applying part via the first resistor and the 
gain control line, the source of the second field effective 
transistor is connected with the gain control voltage applying 
part via the gain control line, the source of the first field 
effective transistor is connected with the first reference 
voltage applying part, and the gate of the second field 
effective transistor is connected with the second reference 
voltage applying part via the second resistor. 

It is preferable that a voltage applied to the second 
reference voltage applying part is lower than a voltage applied 
to the first reference voltage applying part. 

To be more specific, it is preferable that a voltage 
applied to the second reference voltage applying part is lower, 
by a value which is calculated by subtracting a difference 
between gain control voltages which completely turn off the 
first and the second field effective transistors from the sum 
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of the threshold voltage of the first field effective transistor 
and the threshold voltage of the second field effective 
transistor, than a voltage applied to the first reference 
voltage applying part. 

Further, it is preferable that the values of voltages 
applied to the first and the second reference voltage applying 
parts are set such that the gain control voltage range over which 
the first variable resistor performs a gain control operation 
will not overlap with the gain control voltage range over which 
the second variable resistor performs a gain control operation. 

Further, it is preferable that the values of voltages 
applied to the first and the second reference voltage applying 
parts are set such that the gain control voltage range over which 
the second variable resistor performs a gain control operation 
will be lower than the gain control voltage range over which 
the first variable resistor performs a gain control operation. 

Further, it is preferable that the values of voltages 
applied to the first and the second reference voltage applying 
parts are set such that a gain control voltage which completely 
turns off the second field effective transistor will be lower 
than a gain control voltage which completely turns off the first 
field effective transistor. 

In other example of the structure of the second attenuator 
with switch function according to the present invention 
described above, the first variable resistor has a structure 
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that a first resistor is connected at least with the gate of 
a first field effective transistor; the second variable 
resistor has a structure that a second resistor is connected 
at least with the gate of a second field effective transistor; 
the gate of the first field effective transistor is connected 
with the gain control voltage applying part via the first 
resistor and the gain control line; the source of the second 
field effective transistor is connected with the gain control 
voltage applying part via the gain control line; a third 
resistor is inserted between the source of the first field 
effective transistor and a portion which is connected with the 
gate of the second field effective transistor via the second 
resistor; a fourth resistor is inserted between the portion, 
which is connected with the gate of the second field effective 
transistor via the second resistor, and a basic potential 
portion; and the source of the first field effective transistor 
is connected with the first reference voltage applying part. 

A third attenuator with switch function according to the 
present invention comprises: a series circuit of a first and 
a second variable resistors which are inserted in at least one 
first signal line which connects a first signal input part with 
a first signal output part; a third variable resistor inserted 
in a second signal line which connects a second signal input 
part with a second signal output part; and a fourth variable 
resistor inserted in a third signal line which connects a third 
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signal input part with a third signal output part, wherein as 
the attenuation of each one of the first, the second, the third 
and the fourth variable resistors is controlled by means of a 
gain control voltage, the gain of either one of outputs on the 
first, the second and the third signal lines is controlled 
linearly and continuously and the remaining ones of the first, 
the second and the third signal lines are blocked. The first, 
the second, the third and the fourth variable resistors 
described above are formed by at least one or more field 
effective transistors which are connected in series , for 
instance . 

Although being different from that of the first 
attenuator with switch function in that there are three or more 
signal lines on which the gain can be controlled, this structure 
is otherwise the same as that of the first attenuator with switch 
function . 

A fourth attenuator with switch function according to the 
present invention comprises: a series circuit of a first and 
a second variable resistors which are inserted in at least one 
first signal line which connects a first signal input part with 
a first signal output part; a third variable resistor inserted 
in a second signal line which connects a second signal input 
part with a second signal output part; a fourth variable 
resistor inserted in a third signal line which connects a third 
signal input part with a third signal output part; a first, a 
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second, a third and a fourth reference voltage applying parts 
which are connected respectively with the first, the second, 
the third and the fourth variable resistors; and a gain control 
voltage applying part which is connected with each one of the 
first, the second, the third and the fourth variable resistors 
via a common gain control line . The first, the second, the third 
and the fourth variable resistors described above are formed 
by at least one or more field effective transistors which are 
connected in series, for instance. 

Although being different from that of the second 
attenuator with switch function in that there are three or more 
signal lines on which the gain can be controlled, this structure 
is otherwise the same as that of the second attenuator with 
switch function . 

A first mobile telephone terminal device according to the 
present invention uses the first attenuator with switch 
function according to the present invention for the purpose of 
switching of a selected band between two bands and for the 
purpose of gain control in the selected band. 

In this structure, the first attenuator with switch 
function according to the present invention is used. In this 
attenuator with switch function, the selected band is switched 
by controlling the attenuation of each variable resistor, and 
in substance, the variable resistor on the selected band 
linearly controls the sending output. This solves a problem 



- 26 - 



of a delay due to a transient response time of a switch associated 
with switching of the band, prevents a situation that an output 
from the mobile telephone device terminal temporarily deviates 
from a desired linear line at the time of switching of the band 
because of a delayed follow-up operation caused by delayed 
feedback control or the discontinuity of the output level 
occurring at the time of the switching of the band, and realizes 
a high-quality call. Further, since this requires merely gain 
control for switching of the selected band, control for 
switching of the band is simplified. In addition, this permits 
to omit switches for switching of the band in a high frequency 
part, saves the space and achieves a small size. 

A second mobile telephone terminal device according to 
the present invention uses the second attenuator with switch 
function according to the present invention for the purpose of 
switching of a selected band between two bands and for the 
purpose of gain control in the selected band. 

In this structure, the second attenuator with switch 
function according to the present invention is used. 
Operations of the series variable resistors, which are formed 
by at least two or more field effective transistors disposed 
parallel , are shifted by an amount which is equivalent to at 
least the gain control (switch) operation range or more, and 
the operation ranges of the respective series variable 
resistors are set so as to correspond to the mutually different 
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gain control voltage ranges. In addition, the gain control 
voltage range of the series variable resistor connected to the 
first signal line is substantially continuous with the gain 
control voltage range of the series variable resistor connected 
to the second signal line, whereby the band is switched and the 
gain is controlled using only one type of gain control voltage. 
Hence, a variation of the gain at the time of switching of the 
selected band is eliminated and it is possible to perform the 
gain control operation in response to the switching of the band 
at an extremely high accuracy. 

As a result, the mobile telephone terminal device which 
is fabricated using such an attenuator with switch function 
above solves a problem of a delay due to a transient response 
time of a switch associated with switching of the band, prevents 
a situation that an output from the mobile telephone device 
terminal temporarily deviates from a desired linear line at the 
time of switching of the band because of a delayed follow-up 
operation caused by delayed feedback control or the 
discontinuity of the output level occurring at the time of the 
switching of the band, and realizes a high-quality call. 
Further, since this requires merely gain control for switching 
of the selected band, control for switching of the band is 
simplified. In addition, this permits to omit switches for 
switching of the band, saves the space and achieves a small size . 

A third mobile telephone terminal device according to the 
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present invention is characterized in using the third 
attenuator with switch function according to the present 
invention for the purpose of switching of a selected band 
between three or more bands and for the purpose of gain control 
in the selected band. 

Although being different from that of the first mobile 
telephone terminal device in that there are three or more signal 
lines on which the gain can be controlled , this structure is 
otherwise the same as that of the first mobile telephone 
terminal device . 

A fourth mobile telephone terminal device according to 
the present invention is characterized in using the fourth 
attenuator with switch function according to the present 
invention for the purpose of switching of a selected band 
between three or more bands and for the purpose of gain control 
in the selected band. 

Although being different from that of the second mobile 
telephone terminal device in that there are three or more signal 
lines on which the gain can be controlled, this structure is 
otherwise the same as that of the second mobile telephone 
terminal device . 

A fifth mobile telephone terminal device according to the 
present invention comprises a baseband part, which processes 
a speech signal and a radio part, which receives the speech 
signal processed by the baseband part and communicates with a 
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base station . The radio part is comprised of a sender part which 
generates a send signal to the base station and a receiver part 
which receives the send signal from the base station. The 
sender part is comprised of an intermediate frequency part, 
which is formed by a modulator which modulates an intermediate 
frequency signal in accordance with the speech signal which is 
provided from the baseband part a variable gain intermediate 
frequency amplifier which controls the gain of the intermediate 
frequency signal and a mixer which performs mixing for frequency 
conversion from the intermediate frequency signal into a high 
frequency signal , and a high frequency part which amplifies the 
high frequency signal outputted from the intermediate frequency 
part and supplies to an antenna. The high frequency part is 
comprised of a gain controller with switch function, which 
switches a selected band between two bands outputted from the 
intermediate frequency part and controls the gain of the high 
frequency signal in the selected band, and two power amplifiers 
which respectively power-amplify two outputs from the gain 
controller with switch function. The gain controller with 
switch function includes an attenuator with switch function 
which switches a selected band between two bands outputted from 
the intermediate frequency part and controls the gain of the 
high frequency signal in the selected band. 

The baseband part includes a control part. The control 
part detects signal information about a receive signal received 
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by the receiver part and adds a gain control voltage 
corresponding to this information to the attenuator with switch 
function so that an output from either one of the two power 
amplifiers is taken over by an output from the other one of the 
two power amplifiers ; a target value for the output level of 
the other one of the two power amplifiers is then set in 
accordance with the signal information about the receive 
signal; the output level of the other one of the two power 
amplifiers is compared with the target value for the output 
level of the other one of the two power amplifiers ; a gain control 
voltage corresponding to the result of the comparison is added 
to the attenuator with switch function and the variable gain 
intermediate frequency amplifier, thereby follow-up 
controlling the gains of the attenuator with switch function 
and the variable gain intermediate frequency amplifier such 
that the output level of the other one of the two power amplifiers 
will become equal to the target value for the output level of 
the other one of the two power amplifiers. 

As an attenuator with switch function, the first 
attenuator with switch function according to the present 
invention is used. This attenuator with switch function 
switches from the output from one power amplifier to the output 
from another power amplifier, and controls the gain of the 
output from another power amplifier linearly and continuously. 

In this attenuator with switch function, the first 
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attenuator with switch function according to the present 
invention is used. In this attenuator with switch function, 
the selected band is switched by controlling the attenuation 
of each variable resistor, and in substance, the variable 
resistor on the selected band linearly controls the output from 
the power amplifier. This solves a problem of a delay due to 
a transient response time of a switch associated with switching 
of the band, prevents a situation that an output from the mobile 
telephone device terminal temporarily deviates from a desired 
linear line at the time of switching of the band because of a 
delayed follow-up operation caused by delayed feedback control 
or the discontinuity of the output level occurring at the time 
of the switching of the band, and realizes a high-quality call. 
Further, since this requires merely gain control for switching 
of the selected band at the high frequency part, control for 
switching of the band is simplified. In addition, this permits 
to omit switches for switching of the band in a high frequency 
part, saves the space and achieves a small size. 

A sixth mobile telephone terminal device according to the 
present invention uses the second attenuator with switch 
function according to the present invention as an attenuator 
with switch function, and is otherwise the same as the fifth 
mobile telephone terminal device . 

In this structure, the second attenuator with switch 
function according to the present invention is used as an 
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attenuator with switch function. Operations of the series 
variable resistors, which are formed by at least two or more 
field effective transistors disposed parallel for instance, are 
shifted by an amount which is equivalent to at least the gain 
control (switch) operation range or more, and the operation 
ranges of the respective series variable resistors are set so 
as to correspond to the mutually different gain control voltage 
ranges. In addition, the gain control voltage range of the 
series variable resistor connected to the first signal line is 
substantially continuous with the gain control voltage range 
of the series variable resistor connected to the second signal 
line, whereby the band is switched and the gain is controlled 
using only one type of gain control voltage . Hence, a variation 
of the gain at the time of switching of the selected band is 
eliminated and it is possible to perform the gain control 
operation in response to the switching of the band at an 
extremely high accuracy. 

As a result, the mobile telephone terminal device which 
is fabricated using such an attenuator with switch function 
above solves a problem of a delay due to a transient response 
time of a switch associated with switching of the band, prevents 
a situation that an output from the mobile telephone device 
terminal temporarily deviates from a desired linear line at the 
time of switching of the band because of a delayed follow-up 
operation caused by delayed feedback control or the 
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discontinuity of the output level occurring at the time of the 
switching of the band, and realizes a high-quality call. 
Further, since this requires merely gain control for switching 
of the selected band at the high frequency part, control for 
switching of the band is simplified. In addition, this permits 
to omit switches for switching of the band in a high frequency 
part, saves the space and achieves a small size. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram which shows the structure of 
a mobile telephone terminal device according to a first 
preferred embodiment of the present invention; 

Fig. 2 is a block diagram which shows the structure of 
an attenuator with switch function disposed within the mobile 
telephone terminal device which is shown in Fig. 1; 

Fig. 3 is a circuitry diagram which shows the specific 
structure of the attenuator with switch function which is shown 
in Fig . 2 ; 

Fig. 4 is a chart which shows switch and gain control 
characteristics relative to a gain control voltage within the 
attenuator with switch function which is shown in Fig. 3; 

Fig. 5 is a characteristic chart which shows the output 
power of the mobile telephone terminal device observed within 
the attenuator with switch function which is shown in Fig. 3, 
relative to a distance from a base station while the mobile 
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telephone -terminal device moves between cells; 

Fig. 6 is a circuitry diagram which shows the specific 
structure of the attenuator with switch function of Fig. 3 as 
it is modified to comprise bias resistors 57 and 58 so as to 
apply a reference voltage upon each variable resistor; 

Fig. 7 is a block diagram which shows the structure of 
an attenuator with switch function according to a second 
preferred embodiment of the present invention; 

Fig. 8 is a chart which shows switch and gain control 
characteristics relative to a gain control voltage observed 
within the attenuator with switch function which is shown in 
Fig. 7; 

Fig. 9 is a schematic drawing which shows a positional 
relationship between a base station and a mobile telephone 
terminal device ; 

Fig. 10 is an explanatory drawing which shows the 
intensities of receive signals within the base station on the 
respective channels; 

Fig. 11 is a schematic drawing which shows a positional 
relationship between a base station and a mobile telephone 
terminal device while the mobile telephone terminal device 
moves between cells; 

Fig. 12 is a block diagram which shows the structure of 
a conventional mobile telephone terminal device; 

Fig. 13 is a circuitry diagram which shows the structure 
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of attenuators used in the mobile telephone terminal device 
which is shown in Fig. 12; 

Fig. 14 is a circuitry diagram which shows the structure 
of switches used in the mobile telephone terminal device which 
is shown in Fig. 12; 

Fig. 15 is a drawing of the set characteristics of the 
gain control voltage and the switch voltage observed within the 
attenuators shown in Fig. 13 and the switches shown in Fig. 14 
while the mobile telephone terminal device moves between cells ; 

Fig. 16 is a timing chart which shows the timing at which 
the attenuators shown in Fig. 13 and the switches shown in Fig. 
14 operate in response to the switching of the band in accordance 
with moving between the cells; and 

Fig. 17 is an explanatory drawing for describing the 
problem with the conventional technique. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The first preferred embodiment of the present invention 
will be described below with reference to Figs . 1 through 6 . 

Fig. 1 is a block diagram of a mobile telephone terminal 
device according to the first preferred embodiment of the 
present invention. The structure and operations of the mobile 
telephone terminal device according to the first preferred 
embodiment will now be described with reference to Fig. 1. 

This mobile telephone terminal device is comprised of, 
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as shown in Fig. 1, a baseband part 101 which is formed by a 
microcomputer logic part or the like and processes a speech 
signal and a radio part 201 which receives the speech signal 
processed by the baseband part 101 and communicates with a base 
station . 

The radio part 201 comprises a sender part 260 which 
generates a send signal to the base station and a receiver part 
220 which receives a send signal from the base station. 

The sender part 260 is comprised of an intermediate 
frequency part 230 and a high frequency part 270. The 
intermediate frequency part 230 modulates a speech signal fed 
from the baseband part 101, adjusts the gain of an intermediate 
frequency signal and performs mixing for frequency conversion. 
The high frequency part 270 amplifies a high frequency signal 
outputted from the intermediate frequency part 230 and supplies 
to an antenna 300 via a switch 310. 

The intermediate frequency part 230 is comprised of a 
modulator 231 which modulates an intermediate frequency signal 
in accordance with the speech signal fed from the baseband part 
101 , a variable gain intermediate frequency amplifier 232 which 
amplifies, using a variable gain, the intermediate frequency 
signal which is an output signal from the modulator 231, and 
a mixer 233 which is for converting an output signal from the 
variable gain intermediate frequency amplifier 232 into a high 
frequency . 
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The variable gain intermediate frequency amplifier 232 
described above is formed by a bipolar transistor in many 
instances . The variable gain intermediate frequency amplifier 
232 is capable of varying the gain over the range of about 30 
dB at the linearity of ±1 dB . In this case, the gain is 
continuously controlled over the range of about 30 dB, by means 
of a gain control voltage which changes continuously. 

The high frequency part 270 is comprised of a gain 
controller with switch function 271 which switches the selected 
band for and controls the gain of the high frequency signal 
outputted from the intermediate frequency part 230, a power 
amplifier 242 which power-amplifies an output in the band A from 
the gain controller with switch function 271, and a power 
amplifier 252 which power-amplifies an output in the band B from 
the gain controller with switch function 271. The gain 
controller with switch function 271 is capable of switching the 
selection of the band A or B and varying the gain over the range 
of about 20 dB at the linearity of ±1 dB in the selected band. 
In this case, the band switching/selecting operation is 
executed in response to a gain control voltage which changes 
continuously and the gain is continuously controlled over the 
range of about 20 dB or higher. 

The gain controller with switch function 271 is comprised 
of a preamplifier (intermediate power amplifier) 243 for the 
band A, a preamplifier (intermediate power amplifier) 253 for 
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the band B, and an attenuator with switch function 272. The 
attenuator with switch function 272 is cascaded with the 
preamplifier 243 and selects/switches a band-A high frequency 
signal which is fed to the power amplifier (high power 
amplifier) 242 while simultaneously varying the gain. Further, 
the attenuator with switch function 272 is cascaded with the 
preamplifier 253 and selects/switches a band-B high frequency 
signal which is fed to the power amplifier (high power 
amplifier) 252 while simultaneously varying the gain. 

The attenuator with switch function 272, as described 
above, switches the selection of the band A or B and varies the 
gain over the range of about 20 dB at the linearity of ±1 dB 
in the selected band. To this end, the attenuator with switch 
function 272 has a switch isolation value of 20 dB or higher 
and is equipped with a function of varying the gain over the 
range of about 20 dB or higher as the attenuation of the 
attenuators . 

Although this embodiment requires that power is amplified 
in the band A through the two stages of amplifiers which are 
the preamplifier 243 and the power amplifier 242 but amplified 
in the band B through the two stages of amplifiers which are 
the preamplifier 253 and the power amplifier 252, power may be 
amplified in the bands A and B each through one stage of 
amplifier . 

The baseband part 101 includes a control part 120 which 
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is formed by a microcomputer logic part or the like . The control 
part 120 detects the signal intensity of the receive signal 
reaching the receiver part 220. At the same time, in the band 
A, the control part 120 detects the output level of the power 
amplifier 242 and sets a target value for the output level of 
the power amplifier 242 in accordance with the signal intensity 
of the receive signal. The output level of the power amplifier 
242 is compared with the target value for the output level of 
the power amplifier 242, a gain control voltage V C (D) 
corresponding to the comparison result is added to the 
attenuator with switch function 272, while the gain control 
voltage V C (C) is added to the variable gain intermediate 
frequency amplifier 232. In this manner, the gain at the 
attenuator with switch function 272 and the gain at the variable 
gain intermediate frequency amplifier 232 are follow-up 
controlled so that the output level of the power amplifier 242 
will coincide with the target value for the output level of the 
power amplifier 242 . 

Further, in the band B, the control part 120 detects the 
output level of the power amplifier 252 and sets a target value 
for the output level of the power amplifier 252 in accordance 
with the signal intensity of the receive signal. The output 
level of the power amplifier 252 is compared with the target 
value for the output level of the power amplifier 252, the gain 
control voltage V C (D) corresponding to the comparison result 
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is added to the attenuator with switch function 272, while the 
gain control voltage V C (C) is added to the variable gain 
intermediate frequency amplifier 232 . In this manner, the gain 
at the attenuator with switch function 272 and the gain at the 
variable gain intermediate frequency amplifier 232 are 
follow-up controlled so that the output level of the power 
amplifier 252 will coincide with the target value for the output 
level of the power amplifier 252. 

Utilizing both gain control at the gain controller with 
switch function 271 and gain control at the variable gain 
intermediate frequency amplifier 232, the mobile telephone 
terminal device described above realizes gain control over the 
range of 50 dB or higher at the linearity of ±1 dB in the selected 
band. According to the PDC standard, the input stage of the 
mixer 233 operates in the 200 MHz band while the output stage 
of the mixer 233 operates in the 940 or 1441 MHz band. It is 
+30 dBm (where 0 dBm = 1 raW) at the output terminal of the power 
amplifier 242 or the power amplifier 252, it is +8 dBm at the 
output terminal of the preamplifier 243 or the preamplifier 253 , 
it is -16 dBm at the output terminal of the attenuator with switch 
function 272, it is -15 dBm at the output terminal of the mixer 
233, and it is -20 dBm at the output terminal of the variable 
gain intermediate frequency amplifier 232 . 

When the gain controller with switch function 271 
controls the gain over the range of 20 dB and the variable gain 



- 41 - 



intermediate frequency amplifier 232 controls the gain over the 
range of 30 dB, the signal level at the output terminal of the 
variable gain intermediate frequency amplifier 232 changes in 
the range of -20 dBm through -50 dBm. Meanwhile, the signal 
level at the output terminal of the mixer 233 changes in the 
range of -15 dBm through -45 dBm. The signal level at the output 
terminal of the attenuator with switch function 272 changes in 
the range of -16 dBm through -36 dBm. The signal level at the 
output terminal of the preamplifier 243 or the preamplifier 253 
changes in the range of +8 dBm through -42 dBm. The signal level 
at the output terminal of the power amplifier 242 or the power 
amplifier 252 changes in the range of +30 dBm through -20 dBm. 

The specific structure and operations of the attenuator 
with switch function 272 will now be described with reference 
to Figs . 2 through 6 . 

Fig. 2 is a schematic block diagram which shows the 
structure of the attenuator with switch function 272 which is 
formed by a semiconductor integrated circuit device, and Fig. 
3 is a circuitry diagram which shows the specific structure of 
the attenuator with switch function 272. This attenuator with 
switch function 2 72 is integrated on one GaAS semiconductor 
substrate. Such a structure can be integrated also on a silicon 
substrate, and particularly in the case of a substrate of 
silicon or silicon-germanium, etc. , a microcomputer logic part 
can also be integrated at the same time. 
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When switching of the selected band and control of the 
gain is realized by means of at least one series variable 
resistor in each band using such an attenuator with switch 
function 272, during gain control at the time of the switching 
of the band, control to a desired gain in a shorter period of 
time is possible as compared to where a switch and an attenuator 
are both used. This in consequence makes it possible to switch 
the selected band and control the gain simultaneously in each 
band alone, without providing a structure combining a switch 
and an attenuator for each band. When more parallel variable 
resistors are used, it is possible to achieve excellent gain 
control at the time of switching across more bands (modes) . 

In the attenuator with switch function 272, as shown in 
Figs . 2 and 3 , a signal line 47 , which connects an input terminal 
43 serving as a signal input part IN (A) for the high frequency 
signal with an output terminal 45 serving as a signal output 
part OUT (A) for the high frequency signal, is disposed parallel 
to a signal line 48 which connects an input terminal 44 serving 
as a signal input part IN(B) for the high frequency signal with 
an output terminal 46 serving as a signal output part OUT(B) 
for the high frequency signal. 

A series variable resistor 41 formed by at least one or 
more field effective transistors is inserted in the signal line 
47. A series variable resistor 42 formed by at least one or 
more field effective transistors is inserted in the signal line 
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48. 

The variable resistor 41 and the variable resistor 42 are 
connected by a gain control line 49. In the attenuator with 
switch function 272 , reference voltage applying terminals 51 
and 52 which act as reference voltage applying parts are 
connected respectively with the variable resistors 41 and 42 
and reference voltages V ref i and V ref2 are fed respectively to 
the reference voltage applying terminals 51 and 52. Further, 
a gain control voltage applying terminal 50 which acts as a gain 
control voltage applying part is connected with each one of the 
variable resistors 41 and 42 via the gain control line 49. 

The variable resistors 41 and 42 are formed respectively 
by what are obtained by connecting resistors 54 and 56 with the 
gates of field effective transistors 53 and 55. The field 
effective transistor 53 which forms the variable resistor 41 
on the signal line 47 has its drain connected with the input 
terminal 43 and its source connected with the output terminal 
45. Meanwhile, the field effective transistor 55 which forms 
the variable resistor 42 on the signal line 48 has its drain 
connected with the input terminal 44 and its source connected 
with the output terminal 46. 

In addition, the field effective transistor 53 which 
forms the variable resistor 41 has its gate connected with the 
gain control voltage applying terminal 50 via the resistor 54 
and the gain control line 49, and the field effective transistor 
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55 which f orms the variable resistor 42 has its source connected 
with the gain control voltage applying terminal 50 via the gain 
control line 49. 

The reference voltage V ref i is applied from the reference 
voltage applying terminal 51 to the source of the field 
effective transistor 53 which forms the variable resistor 41, 
while the reference voltage V ref2 is applied from the reference 
voltage applying terminal 52 to the gate of the field effective 
transistor 55 which forms the variable resistor 42 . 

To block intrusion of the high frequency signal, a lower 
limit value and a higher limit value are set for the resistors 
54 and 56 described above in the following manner for instance. 
First, the lower limit value is 1 kQ. The reason is because 
but for the isolation of 20 dB or higher, the switching 
characteristics and the gain control characteristics will be 
influenced, e.g., intrusion of the high frequency signal and 
an increased loss . The set value above ensures the isolation 
of 20 dB or higher. 

The higher limit value is 100 kQ. The reason is as follows . 
When the field effective transistors carry a gate-leak current 
of 1 for example, the voltage drop V DRO p at the resistors 
inserted in the gates of the field effective transistors are: 

V DROP = 1 x 10" 6 x 100 x 10 3 = 0.1 (V) 
where the resistance value of the resistors is 100 kQ. In other 
words, if the resistance value exceeds 100 kQ, the control 
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voltage will deviate beyond 0 . 1 V, thereby exerting a measurable 
influence over the gain control characteristics. 

Operations of the attenuator with switch function 272 
having such a structure will now be described. The mobile 
telephone terminal device is driven at a voltage of up to about 
3.0 V by a lithium battery or the like. The threshold voltages 
of the field effective transistors respectively represent a 
bias at which the variable resistors initiate the gain control 
operation, namely, a bias at which the field effective 
transistors completely turn off (pinch-off) . Such field 
effective transistors having the equal threshold voltage V th 
for instance are used as the field effective transistors which 
form the variable resistors 41 and 42. In this example, the 
threshold voltage V th is -0.5 V, for example. 

The mutually different reference voltages V re fi and V ref2 
are applied respectively to the reference voltage applying 
terminals 51 and 52 of the variable resistors 41 and 42. The 
different reference voltages V re fi and V xef2 applied to the 
reference voltage applying terminals 51 and 52 of the variable 
resistors 41 and 42 will now be described. 

The variable resistors formed by the field effective 
transistors completely turn off (pinch off) when a gate-source 
voltage V GS becomes smaller than the threshold voltage Vth of 
the field effective transistors (V GS ^ V t h) / and shows the 
maximum resistance value. The gate-source voltage V GS of each 



- 46 - 



field effective transistor is expressed as a difference (V G - 
V s ) between a gate voltage V G and a source voltage V S/ and the 
resistance value changes depending upon a combination of the 
gain control voltage V C (D) and the reference voltages V ref i and 
V re f 2 • Hence, as the set values of the reference voltages V re fi 
and V re f2 are changed, the range of the gain control voltage V c (D) , 
over which the gain is controlled (i.e., the attenuation is 
controlled) using the variable resistors, is controlled. 

As for the gain control voltage V C (D) , the range of the 
gain control voltage V C (D) which each one of the variable 
resistors 41 and 42 affects may be set such that the ranges of 
the linear gain control operations of the variable resistors 
41 and 42 will not overlap in substance with each other. 
Although the variable resistor 42 is disposed on the low-voltage 
side and the variable resistor 41 is disposed on the 
high-voltage side in this example, their ranges may be set 
freely . 

Assume now that the threshold value (pinch-off) voltage 
of the field effective transistor 53 of the variable resistor 

41 is defined as Vthi, the threshold value (pinch-off) voltage 
of the field effective transistor 55 of the variable resistor 

42 is defined as V th2 , a gain control voltage which completely 
turns off (pinches off) the field effective transistor 53 of 
the variable resistor 41 is defined as V CO ff<a) , and a gain control 
voltage which completely turns off (pinches off) the field 
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effective transistor 55 of the variable resistor 42 is defined 
as V C off(b). Since the gate-source voltage V GS of each field 
effective transistor is expressed as the difference (V G - V s ) 
between the gate voltage V G and the source voltage V S/ 

V t hl = VcoFF(A) ~ V ref i ... (1) 

V t h2 = VcoFF(B) ~ V re f2 ... (2) 

As one can see from the equations (1) and (2) , as the gain 
control voltage increases , the gain control operation of the 
field effective transistor 53 changes from OFF to ON and the 
gain control operation of the field effective transistor 55 
changes from ON to OFF. In short, the gain control operations 
of these field effective transistors 53 and 55 change in a 
complementary manner . This is because the gain control voltage 
is applied to the gate of the field effective transistor 53 while 
the gain control voltage is applied to the source of the field 
effective transistor 55. 

This is expressed as: 

AV = V C oFF(A) ~ VcoFF(B) ■ • ■ (3) 

where AV denotes a difference between the gain control voltages 
Vcoff(a) and V C off(b> . It is necessary to set the difference AV as 
a positive value. That is, the gain control voltage V C off<a) 
needs be set to a larger value than the gain control voltage 

VcOFF(B) • 

With these settings, the field effective transistor 55 
can execute the gain control operation when the field effective 
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transistor 53 is completely OFF, and the field effective 
transistor 53 can execute the gain control operation when the 
field effective transistor 55 is completely OFF . In other words , 
when one of the field effective transistors 53 and 55 is 
completely OFF, the other one of the field effective transistors 
53 and 55 can execute the gain control operation. Such 
operations mean that it is possible to carry out the switching 
operation and the gain control operation at the same time . 

It is further necessary that the difference AV is set to 
such a value which is not influenced by a variation of the 
threshold value voltage of each field effective transistor 
during fabrication, a change caused by a temperature change, 
etc. Considering that variations of the threshold value 
voltages of the field effective transistors during fabrication 
are about ±0 . 1 V and changes associated with temperature changes 
are about ±0 . 1 V, the difference AV needs be set to a value which 
is at least equal to or larger than 0.4 V. 

The maximum value of the difference AV needs be set about 
2 . 0 V or lower. This is because a value which can be outputted 
as a gain control voltage from the control part of the baseband 
part is within the range of 0 through about 3.0 V. In short, 
it is necessary to set the gain control voltages V CO ff<a) and V CO ff(b) 
within this range, and it is necessary to set this value to about 
2 . 0 V or lower so as to execute the gain control operation without 
an influence by changes associated with temperature changes or 
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the like. This preferred embodiment requires that V CO ff<a) =1-5 
V, Vcoff(b) = 1-0 V and AV = 0.5 V. 

Substituting the equation (1) in the equation (3) , the 
following is obtained: 

Vcoff(B) = V ref i + Vth! - AV ... (4) 

Further substituting the equation (4) in the equation (2) , 
the following is obtained: 

V ref2 = V refl + Vth! + V th2 - AV ... (5) 

Now, assuming that Vtm = V t h2 = V th/ 

V ref2 = V refl + 2V th - AV ... (6) 

The equation (5) shows it is necessary that the voltage 
V re f2 applied to the reference voltage applying part 52 of the 
field effective transistor 55 is set to be lower, by a value 
which is calculated by subtracting the difference AV between 
the gain control voltages V C off<a) and V coff(b) which completely turn 
off the field effective transistors 53 and 55 from the sum of 
the threshold voltage V thl of the field effective transistor 53 
and the threshold voltage V^ of the field effective transistor 
55, than the voltage V re fi applied to the reference voltage 
applying part 51 of the field effective transistor 53. 

Meanwhile, the equation (6) shows it is necessary that 
the voltage V re f2 applied to the reference voltage applying part 
52 of the field effective transistor 55 is set to be a voltage 
value which is lower, by a value which is calculated by 
subtracting the difference AV between the gain control voltages 
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Vcoff(a) and Vcoff(b) which completely turn off the field effective 
transistors 53 and 55 from double the threshold voltage values 
Vth of the field effective transistors 53 and 55 , than the voltage 
V re fi applied to the reference voltage applying part 51 of the 
field effective transistor 53. 

In this preferred embodiment, since V th = -0.5 V and AV 
= 0.5 V, 

V ref2 = V ref i - 1.5 ... (7) 

Thus , the voltage V re f2 needs be set lower by 1.5V than the voltage 
V r efi. In this preferred embodiment therefore, V ref i = 2 .0 V and 
V ref2 = 0.5 V. 

As described above, when switching of the selected band 
and control of the gain in the selected band is to be realized 
simultaneously, the reference voltage V ref i of the variable 
resistor 41 and the reference voltage V ref2 of the variable 
resistor 42 are each appropriately set, so that the ranges of 
the gain control operations of the variable resistor 41 in the 
band (A) and the variable resistor 42 in the band (B) become 
complementary with each other and switching of the selected band 
and control of the gain in the selected band can be achieved 
at the same time using one gain control voltage. 

Fig. 4 is a gain control characteristics chart which shows 
a change of the gain (attenuation) in response to the gain 
control voltage V C (D) of the attenuator with switch function 
272 which is shown in Fig. 3. Operations of the attenuator with 
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switch function 272 shown in Fig. 3 will now be described with 
reference to Fig. 4. 

When the threshold voltage values V t h of the field 
effective transistors are all -0.5 V, the reference voltage V re fi 
is set to 2 . 0 V and the reference voltage V re f2 is set to 0.5 
V. 

In the event that a voltage of 0 through 0 . 7 V is applied 
to the gain control voltage applying terminal 50 (Fig. 4: the 
gain control voltage range (a) ) , the resistance value Ron of 
the variable resistor 41 (FET 53) is maximum and the resistance 
value Ron of the variable resistor 42 (FET 55) is minimum . Hence, 
on a signal received at the input terminals 43 and 44, the level 
Pout (A) of the output signal at the output terminal 45 becomes 
minimum and the level P 0 ut(B) of the output signal at the output 
terminal 46 becomes maximum. This is a state in which the band 
(B) is selected and the band (A) is not selected. 

In the event that a voltage exceeding 0.7 V is applied 
to the gain control voltage applying terminal 50 (Fig. 4: the 
gain control voltage range (b) ) , while the resistance value Ron 
of the variable resistor 41 (FET 53) remains maximum, the 
resistance value Ron of the variable resistor 42 (FET 55) starts 
increasing . Hence , while the level P G ut (A) of the output signal 
at the output terminal 45 stays minimum, the level P 0 ut(B) of 
the output signal at the output terminal 46 decreases . The gain 
control voltage range in which a variable resistor formed by 
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a field effective transistor performs a linear gain control 
operation would normally be from about 0.2 to about 0.3 V, and 
therefore, until application of a voltage of 1 . 0 V to the gain 
control voltage applying terminal 50, the gain would decrease 
about 20 dB linearly. This is a state in which the band (A) 
is not selected and the gain is controlled in the band (B) with 
the band (B) kept selected. 

With application of a voltage of 1 . 0 V to the gain control 
voltage applying terminal 50 (Fig. 4: the gain control voltage 
range (c) ) , the resistance value Ron of the variable resistor 
42 (FET 55) which used to increase reaches the maximum value 
and the resistance value Ron of the variable resistor 41 (FET 
53) remains at the maximum value. Hence, the level P G ut(B) of 
the output signal at the output terminal 4 6 and the level Pout (A) 
of the output signal at the output terminal 45 each become 
minimum. This is a state in which the band (A) is not selected 
and the band (B) switches from selected to non-selected. 

With application of a voltage of 1.5V to the gain control 
voltage applying terminal 50 (Fig. 4: the gain control voltage 
range (d) ) , while the resistance value Ron of the variable 
resistor 42 (FET 55) remains at maximum, the resistance value 
Ron of the variable resistor 41 (FET 53) which used to be maximum 
starts decreasing. Hence, while the level Pout (B) of the output 
signal at the output terminal 46 remains at the minimum value, 
the level P OU t (A) of the output signal at the output terminal 
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45 starts increasing. This is a state in which the band (A) 
switches from non-selected to selected, gain control is started 
in the band (A) , and the band (B) is not selected. 

Until application of a voltage of 1.8V to the gain control 
voltage applying terminal 50, the level Pout (A) of the output 
signal at the output terminal 45 increases about 20 dB linearly. 
During this, the resistance value Ron of the variable resistor 
42 (FET 55) remains maximum. Because of this, the level P 0 ut(B) 
of the output signal at the output terminal 46 remains at the 
minimum value . 

With application of a voltage of 1.8V to the gain control 
voltage applying terminal 50 (Fig. 4: the gain control voltage 
range (e) ) , the resistance value Ron of the variable resistor 
42 (FET 55) remains maximum and the resistance value Ron of the 
variable resistor 41 (FET 53) which used to decrease reaches 
the minimum value. Hence, while the level P OU t(B) of the output 
signal at the output terminal 46 remains at the minimum value, 
the level P OU t (A) of the output signal at the output terminal 
45 becomes maximum. This is a state in which the band (A) is 
selected, the gain is controlled in the band (A) , and the band 
(B) is not selected. 

Even with application of a voltage of 1.8 V or higher to 
the gain control voltage applying terminal 50, the resistance 
value Ron of the variable resistor 41 (FET 53) stays at the 
minimum value and the resistance value Ron of the variable 
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resistor 42 (FET 55) remains at the maximum value. Hence, the 
level Pout(B) of the output signal at the output terminal 4 6 
remains minimum and the level Pout (A) of the output signal at 
the output terminal 45 remains maximum. 

Fig. 4 also shows the level P OU t (ANT) of the output from 
the antenna 300. 

As described above, using the structure that the variable 
resistors 41 and 42 formed by field effective transistors are 
connected parallel for the attenuators with switch function, 
this preferred embodiment ensures that each gain control 
operation range gets shifted thus avoiding overlapping of the 
gain control operation ranges of the variable resistors 41 and 
42 with each other and hence that the gain control operations 
of the variable resistors 41 and 42 become complementary with 
each other. This makes it possible to realize switching of the 
selected band and control of the gain in the selected band at 
the same time in response to the control voltage. With the 
reference voltages adjusted by an external microcomputer, the 
gain control operation ranges of the variable resistors 41 and 
42 are shifted. 

Thus, at the high frequency part of the mobile telephone 
terminal device, using one semiconductor device, switching of 
the selected band and control of the gain in the selected band 
is realized. This allows to avoid a temporary deviation from 
the target values for the output levels of the power amplifiers 
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which would otherwise occur upon switching of the band according 
to the conventional technique as shown in Fig. 17, and makes 
it easy as shown in Fig. 5 to highly accurately control the gain 
while the mobile telephone terminal device switches between the 
bands . 

In addition, since only one type of gain control voltage 
setup is needed, it is possible to simplify the circuitry 
structure of the control part 120 . It is also possible to omit 
the switches in the high frequency part, save the space and 
further reduce the size of the mobile telephone terminal device. 

Further, although the reference voltage applying 
terminal 51 of the variable resistor 41 which is for the band 
(A) is separate from the reference voltage applying terminal 
52 of the variable resistor 42 which is for the band (B) in the 
preferred embodiment described above, a structure as that shown 
in Fig. 6 may be used instead. That is, only the reference 
voltage applying terminal 51 may be disposed, thereby dividing 
the reference voltage V ref i , which is applied to the variable 
resistor 41 , across the bias resistors 57 and 58 and accordingly 
applying a reference voltage to the variable resistor 42 . In 
this case, the circuit is simplified as only one reference 
voltage applying terminal is used. The bias resistors 57 and 
58 each play a role of blocking intrusion of the high frequency 
signal . To prevent intrusion of the high frequency signal, the 
bias resistors 57 and 58 described above are set to a resistance 
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value which is from about 5 kQ to about 100 kQ. 

The reason of setting the bias resistors 57 and 58 to a 
resistance value which is from about 5 kQ to about 100 kQ will 
now be described. 

First, the reason why the lower limit value is about 5 
kQ is as follows . The high frequency signal will be passed on 
to the ground (GND) and neither the switching operation nor the 
gain control operation is possible if the bias resistors 57 and 
58 have small values, and therefore, the bias resistors 57 and 
58 need be 5 kQ or larger (isolation of 40 dB or higher) . On 
the other hand, when the reference voltage V ref i is 3 V, a current 
carried by the bias resistors 57 and 58 is: 

I = 3 V / 10 kQ = 300 iiA 
or larger, thereby pushing up the power consumption. 

Meanwhile, the reason why the lower limit value is 100 
kQ is as follows. When the reference voltage V refl is 3 V, a 
current carried by the bias resistors 57 and 58 is: 

I = 3 V / 200 kQ = 15 pA 
Now, a voltage across the bias resistor 57 is: 

V = 15 pA x 100 kQ = 1.5 V 
At this stage, a leak current of 1 jiA flowing through the field 
effective transistors would give rise to a bias variation of 
1 pA x 100 kQ = 0.1 V, thereby deviating the gain control 
characteristics and preventing accurate gain control. 

Although the preferred embodiment described above 
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requires the structure that the two variable resistors are 
disposed parallel , i.e. , the variable resistor 41 which is for 
the band (A) and the variable resistor 42 which is for the band 
(B) both formed by field effective transistors , more variable 
resistors may be disposed parallel . The larger the number of 
the variable resistors disposed parallel is, the larger the 
number of the bands over which switching of the selected band 
and gain control can be realized is. 

An example of an attenuator with switch function capable 
of controlling the gain over three bands will now be described 
with reference to Figs . 7 and 8 . 

In this attenuator with switch function, as shown in Fig. 
7 , a signal line 71, which connects an input terminal 65 serving 
as a signal input part IN (A) for the high frequency signal with 
an output terminal 68 serving as a signal output part OUT (A) 
for the high frequency signal, a signal line 72, which connects 
an input terminal 66 serving as a signal input part IN(B) for 
the high frequency signal with an output terminal 69 serving 
as a signal output part OUT (B) for the high frequency signal, 
and a signal line 73, which connects an input terminal 67 serving 
as a signal input part IN(C) for the high frequency signal with 
an output terminal 70 serving as a signal output part OUT(C) 
for the high frequency signal, are disposed parallel to each 
other . 

Series variable resistors 61 and 62 formed by at least 
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one or more field effective transistors are inserted in the 
signal line 71 . A series variable resistor 63 formed by at least 
one or more field effective transistors is inserted in the 
signal line 72 . A series variable resistor 64 formed by at least 
one or more field effective transistors is inserted in the 
signal line 73. 

The variable resistor 61, the variable resistor 62, the 
variable resistor 63 and the variable resistor 64 are connected 
by a gain control line 74. In this attenuator with switch 
function, reference voltage applying terminals 76, 77, 78 and 
7 9 which act as reference voltage applying parts are connected 
respectively with the variable resistors 61, 62, 63 and 64 and 
reference voltages V ref n, V ref 12 , V ref i 3 and V ref i 4 are fed 
respectively to the reference voltage applying terminals 76, 
77, 78 and 79. Further, a gain control voltage applying 
terminal 75 which acts as a gain control voltage applying part 
is connected with each one of the variable resistors 61, 62, 
63 and 64 via the gain control line 74 . 

The variable resistors 61, 62, 63 and 64 above are formed 
respectively by what are obtained by connecting resistors with 
the gates of at least field effective transistors, like those 
which are shown in Fig. 3. 

The field effective transistor (not shown) which forms 
the variable resistor 61 has its drain connected with the input 
terminal 65 and its source connected with the drain of the field 
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effective transistor (not shown) which forms the variable 
resistor 62 . The field effective transistor which forms the 
variable resistor 62 has its source connected with the output 
terminal 68. The field effective transistor (not shown) which 
forms the variable resistor 63 has its drain connected with the 
input terminal 66 and its source connected with the output 
terminal 69. The field effective transistor (not shown) which 
forms the variable resistor 64 has its drain connected with the 
input terminal 67 and its source connected with the output 
terminal 70 . 

Further, the field effective transistor which forms the 
variable resistor 61 has its gate connected with the gain 
control voltage applying terminal 75 via the resistor and the 
gain control line 74. The field effective transistor which 
forms the variable resistor 62 has its source connected with 
the gain control voltage applying terminal 75 via the gain 
control line 74. The field effective transistor which forms 
the variable resistor 63 has its source connected with the gain 
control voltage applying terminal 75 via the gain control line 
74. The field effective transistor which forms the variable 
resistor 64 has its gate connected with the gain control voltage 
applying terminal 75 via the resistor and the gain control line 
74. 

The reference voltage V refl i is applied from the reference 
voltage applying terminal 76 to the source of the field 
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effective transistor which forms the variable resistor 61 . The 
reference voltage V refl2 is applied from the reference voltage 
applying terminal 77 to the gate of the field effective 
transistor which forms the variable resistor 62 via the resistor. 
The reference voltage V refl3 is applied from the reference 
voltage applying terminal 78 to the gate of the field effective 
transistor which forms the variable resistor 63 via the resistor. 
The reference voltage V re fi4 is applied from the reference 
voltage applying terminal 7 9 to the source of the field 
effective transistor which forms the variable resistor 64. 

Fig. 8 is a gain control characteristics chart which shows 
a change of the gain (attenuation) in response to the gain 
control voltage V c (D) of the attenuator with switch function 
which is shown in Fig. 7. Operations of the attenuator with 
switch function shown in Fig. 7 will now be described with 
reference to Fig . 8 . 

When the threshold voltage values V th of the field 
effective transistors are all -0.5 V, the reference voltage 
V r efii is set to 1.8 V, the reference voltage V re fi2 is set to 1 . 7 
V, the reference voltage V re fi3 is set to 0.5 V, and the reference 
voltage V re fi4 is set to 3.0 V. 

In the event that a voltage of 0 through 0.7 V is applied 
to the gain control voltage applying terminal 75 (Fig. 8: the 
gain control voltage range (a) ) , the resistance values Ron of 
the variable resistors 61 and 64 reach the maximum value and 
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the resistance values Ron of the variable resistors 62 and 63 
reach the minimum value. Hence , on a signal received at the 
input terminals 65, 66 and 67, the level Pout (A) of the output 
signal at the output terminal 68 becomes minimum, the level 
Pout(B) of the output signal at the output terminal 69 becomes 
maximum, and the level P C ut(C) of the output signal at the output 
terminal 70 becomes minimum. This is a state in which the band 
(B) is selected but the bands (A) and (C) are not selected. 

In the event that a voltage exceeding 0 . 7 V is applied 
to the gain control voltage applying terminal 75 (Fig. 8: the 
gain control voltage range (b) ) , the resistance values Ron of 
the variable resistors 61 and 64 reach the maximum value, the 
resistance value Ron of the variable resistor 62 remains at the 
minimum value, and the resistance value Ron of the variable 
resistor 63 starts increasing. Hence, while the level Pout (A) 
of the output signal at the output terminal 68 remains minimum, 
the level P 0 ut(C) of the output signal at the output terminal 
70 remains minimum, and the level P OU t(B) of the output signal 
at the output terminal 69 decreases . The gain control voltage 
range in which a variable resistor formed by a field effective 
transistor performs a linear gain control operation would 
normally be from about 0 . 2 to about 0.3 V, and therefore, until 
application of a voltage of 1 . 0 V to the gain control voltage 
applying terminal 75, the gain would decrease about 20 dB 
linearly. This is a state in which the bands (A) and (C) are 
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not selected and the gain is controlled in the band (B) with 
the band (B) kept selected. 

With application of a voltage of 1 . 0 V to the gain control 
voltage applying terminal 75 (Fig. 8: the gain control voltage 
range (c) ) , the resistance value Ron of the variable resistor 
63 which used to increase reaches maximum , while the resistance 
value Ron of the variable resistor 62 remains minimum and the 
resistance values Ron of the variable resistors 61 and 64 stay 
maximum. Hence, the level Pout (B) of the output signal at the 
output terminal 69, the level Pout (A) of the output signal at 
the output terminal 68 and the level P 0 ut(C) of the output signal 
at the output terminal 70 each become minimum. This is a state 
in which the bands (A) and (C) are non- selected and the band 
(B) switches from selected to non-selected. 

With application of a voltage of 1 . 3 V to the gain control 
voltage applying terminal 75 (Fig. 8: the gain control voltage 
range (d) ) , the resistance values Ron of the variable resistors 
63 and 64 remain maximum, the resistance value Ron of the variable 
resistor 62 remains minimum and the resistance value Ron of the 
variable resistor 61 which used to be maximum starts decreasing. 
Hence, while the levels P Q ut(B) and P 0 ut(C) of the output signals 
at the output terminals 69 and 70 remain at the minimum value, 
the level Pqut (A) of the output signal at the output terminal 
68 starts increasing. This is a state in which the band (A) 
switches from non-selected to selected, gain control is started 
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in the band (A) , and the bands (B) and (C) are not selected. 

Until application of a voltage of 1 . 6 V to the gain control 
voltage applying terminal 75, the level Pqut (A) of the output 
signal at the output terminal 68 increases about 20 dB linearly. 
During this, the resistance values Ron of the variable resistors 
63 and 64 remain at maximum, and the levels P 0 ut(B) and Pout(C) 
of the output signals at the output terminals 69 and 70 remain 
at the minimum value . 

With application of a voltage of 1 . 6 V to the gain control 
voltage applying terminal 75 (Fig. 8: the gain control voltage 
range (e) ) , the resistance values Ron of the variable resistors 
63 and 64 reach maximum, the resistance value Ron of the variable 
resistor 62 remains minimum and the resistance value Ron of the 
variable resistor 61 which used to decrease reaches the minimum 
value. Hence, the levels P 0 ut(B) and P 0 ut(C) of the output 
signals at the output terminals 69 and 70 remain at the minimum 
value, and the level Pout (A) of the output signal at the output 
terminal 68 becomes maximum . This is a state in which the band 
(A) is selected, the gain is controlled in the band (A) , and 
the bands (B) and (C) are not selected. 

With application of a voltage beyond 1.9V to the gain 
control voltage applying terminal 75 (Fig. 8: the gain control 
voltage range (f ) ) , the resistance values Ron of the variable 
resistors 63 and 64 reach maximum, the resistance value Ron of 
the variable resistor 61 remains minimum, but the resistance 
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value Ron of the variable resistor 62 starts Increasing. Hence, 
while the levels P 0 ut(B) and Pout(C) of the output signals at the 
output terminals 69 and 70 remain minimum, the level Pout (A) of 
the output signal at the output terminal 68 decreases . Until 
application of a voltage of 2 . 2 V to the gain control voltage 
applying terminal 75, the gain decreases about 20 dB linearly. 
This is a state in which the bands (B) and (C) are not selected 
and the gain is controlled in the band (A) with the band (A) 
kept selected. 

With application of a voltage of 2 . 2 V to the gain control 
voltage applying terminal 75 (Fig. 8: the gain control voltage 
range (g) ) , the resistance value Ron of the variable resistor 
62 which used to increase reaches the maximum value, the 
resistance values Ron of the variable resistors 63 and 64 become 
maximum, and the resistance value Ron of the variable resistor 

61 remains minimum. Hence, the level P OU t (A) of the output 
signal at the output terminal 68, the level P Q ut(B) of the output 
signal at the output terminal 69 and the level P 0 ut(C) of the 
output signal at the output terminal 70 each become minimum. 
This is a state in which the bands (B) and (C) are not selected 
and the band (A) switches from selected to non-selected. 

With application of a voltage of 2.5V to the gain control 
voltage applying terminal 75 (Fig. 8: the gain control voltage 
range (h) ) , the resistance values Ron of the variable resistors 

62 and 63 reach maximum, the resistance value Ron of the variable 
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resistor 61 remains minimum, and the resistance value Ron of 
the variable resistor 64 which used to be maximum starts 
decreasing. Hence, while the levels Pout (A) and Pout(B) of the 
output signals at the output terminals 68 and 69 remain at the 
minimum value, the level P 0 ut(C) of the output signal at the 
output terminal 70 starts increasing. This is a state in which 
the band (C) switches from non-selected to selected, gain 
control is started in the band (C) , and the bands (A) and (B) 
are not selected. 

Until application of a voltage of 2 . 8 V to the gain control 
voltage applying terminal 75, the level P Q ut(C) of the output 
signal at the output terminal 70 increases about 20 dB linearly. 
During this, the resistance values Ron of the variable resistors 
62 and 63 remain at maximum, the resistance value Ron of the 
variable resistor 61 remains minimum, and the levels Pout (A) and 
Pout(B) of the output signals at the output terminals 68 and 69 
remain at the minimum value . 

With application of a voltage of 2 . 8 V to the gain control 
voltage applying terminal 75 (Fig. 8: the gain control voltage 
range (i) ) , the resistance values Ron of the variable resistors 
62 and 63 reach maximum, the resistance value Ron of the variable 
resistor 61 remains minimum, and the resistance value Ron of 
the variable resistor 64 which used to decrease becomes minimum. 
Hence, while the levels Pout (A) and Pqut (B) of the output signals 
at the output terminals 68 and 69 remain at the minimum value, 
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the level P 0 ut(C) of the output signal at the output terminal 
70 reaches maximum. This is a state in which the band (C) is 
selected, the gain is controlled in the band (C) , and the bands 
(A) and (B) are not selected. 

Even with application of a voltage of 2 . 8 V or higher to 
the gain control voltage applying terminal 75, the resistance 
values Ron of the variable resistors 61 and 64 stay minimum and 
the resistance values Ron of the variable resistors 62 and 63 
stay maximum. Hence, while the levels Pout (A) and Pout (B) of the 
output signals at the output terminals 68 and 69 remain minimum, 
the level Pout(C) of the output signal at the output terminal 
7 0 remains maximum . 

A mobile telephone terminal device which uses the 
attenuator with switch function described above is of the type 
which switches over three bands . 

Further, nothing is connected in parallel between the 
drain and the source electrodes of the field effective 
transistors 53 and 55 which form the respective variable 
resistors 41 and 42 in the preferred embodiment described above . 
However, for the purpose of suppressing variations of the 
resistance values unique to the respective field effective 
transistors 53 and 55 and controlling the variable resistance 
ranges, resistors or the like may be connected parallel between 
the drain and the source electrodes of the field effective 
transistors 53 and 55. This stabilizes the amount of gain 
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control at each variable resistor and realizes gain control at 
an extremely high accuracy. 

Further, although the preferred embodiment described 
above demands that a field effective transistor having one gate 
is used as each one of the field effective transistors 53 and 
55 which respectively form the respective variable resistors 
41 and 42 , a field effective transistor having two or more gates 
(of the multiple-gate type) may be used instead. The more gates 
a field effective transistor has, the wider the gain control 
width becomes, and in addition, even use of a high input signal 
achieves switch control and gain control accompanying only a 
suppressed deterioration of distortion characteristics. 
Further, while the foregoing has described that one field 
effective transistor is used for each one of the variable 
resistors 41 and 42, each variable resistor may be formed by 
a series circuit of two or more field effective transistors. 

Further, while the preferred embodiment described above 
is directed to an example that the field effective transistors 
53 and 55 are used to respectively form the variable resistors 
41 and 42, the present invention is not limited to this. 
Elements such as diodes may be used for instance. 

These attenuators can be used not only for the PDC method 
but for various mobile telecommunications methods (CDMA (IS-95) , 
GSM, PCS, DCS, Wideband-CDMA, CDMA2000, PHS, etc.). 
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